interferences due to phase shifts from contributions along the cylinder axis. 12
In this paper, scattering of spherical waves by a cylinder is reconsidered by including the transducer directivity effects. By using the concept of volume flow, which was first applied by Skudrzyk 13 in deriving a radiation formula, and later adapted by Stanton 7'8'12 to the scattering problem, an analytic solution is obtained in the form of a onedimensional integral, which is well-behaved, is readily evaluated numerically, and can be solved analytically in certain limiting cases. The results are primarily based on Sheng's doctoral thesis. TM This alternative is explored in this paper. The paper is organized as follows. Section I presents the theory for backscattering of a spherical wave incident on a cylinder of arbitrary length. Backscattering characteristics of monostatic pulsed systems are investigated, incorporating the effects of the transducer directivity. In Section II a brief description of the laboratory setup is given, followed by Sec. III comparing the analytical results with experimental data. Section IV considers the thin-wire standard targets used to determine the overall sensitivity constants of the transceivers.
I. THEORY
We deal only with the case in which the effective length of the cylinder is much greater than its diameter, so that end effects can be assumed to be small. 7 The geometry of the problem is sketched in Fig. 1 .
Consider first a continuous plane wave normally incident on an infinite cylinder. The acoustic axis is orthogonal 
where c is the sound speed in water, r s is the distance from the segment dz to the field point, and q is the volume flow per unit length, which is assumed to be invariant regardless of the length of the cylinder. The total pressure is the line integral of dps along the axis of the cylinder: 
where/3rn is some maximum value of/3 chosen on the basis of the directivity pattern. 
B. Pulsed signal
We next consider the case in which the spherical incident wave is pulsed rather than continuous. Referring to In the measurements to be presented, the backscattered signal was envelope-detected. This involves full-wave rectifying and low-pass filtering the signal. To investigate the effect on the range at which the maximum detected backscatter occurs, a synthetic envelope-detected signal was constructed. The results in Fig. 3 
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where S is an overall system sensitivity constant given by S=Ap,r,. Table IV are nearly independent of range, and also means that the expression for the scattered pressure tends to that for an infinite cylinder. resonances is very sensitive to the elastic properties, particularly the shear wave velocity, whereas beyond the resonances the scatterer behaves as if it were perfectly rigid to a very good approximation. The difference between the rigid and rigid immovable curves in the vicinity of ka = 1 is due to the displacement of the scatterer about its center of mass, which depends upon the bulk density of the scatterer relative to that of water. We have used two different densities (7.8 and 7.91 g/cm 3) in Fig. 10(a) . This density change has little effect on the results near ka= 1 in Fig.   10(a), and For typical narrow-beam, narrow-band pulsed transceivers, the expression for the peak detected signal is found to be the same as that for the scattered pressure amplitude in the continuous wave case. It then becomes possible to relate the backscattered pressure from a cylinder of finite length to that for an infinite cylinder. This result is used as the basis for comparing the theoretical expression with measured backscatter amplitudes made using high frequency acoustic transceivers and stainless-steel wire targets. Good agreement is obtained between the measured form factors and those computed from the theory for an infinite elastic cylinder. Good agreement is also obtained between the experimentally and theoretically determined dependence of backscatter amplitude on the range from the transducer. Finally, estimates of the transceiver sensitivities are made from the wire target measurements. These are found to agree well with independent measurements made using backscatter from standard particles in suspension, provided that an appropriate correction is made for coherent versus incoherent scattering. This result indicates that effective use can be made of thin wires as standard targets in the transducer far field especially at MHz frequencies, for which scattering from the support structure required by other types of fixed target can be problematic. 
